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Abstract—A compact design of phased array Vivaldi 
antenna for channel sounding applications is proposed. 64-
elements of low-profile 22 GHz Vivaldi antennas with coaxial-
to-SIW feeds and well-defined end-fire radiation patterns 
have been used to form an 8×8 planar array design. The 
antenna elements are designed on 1.6 mm Arlon AD-320 
substrates (ε=3.2 and δ=0.0038). The structure of SIW is 
composed of two rows of cylinders between metal plates 
which can improve the radiation performance of the 
elements. The proposed phased array antenna has compact 
size with frequency response of 21-23 GHz. It has good 
features in terms of impedance-matching, gain and efficiency 
characteristics. More than 22 dB realized gain, 23 dBi 
directivity, and -0.5 dB (90%) total efficiency have been 
obtained. In addition, the performance of the planar array 
with different numbers of the radiators has been investigated.  
Index Terms—5G, channel sounding, phased array design, 
Vivaldi antenna. 
I.  INTRODUCTION  
Compared with the current and previous generations 
(1G to 4G) of wireless communications, fifth generation 
(5G) networks are proposing to use the higher frequency 
bandwidths (beyond 10 GHz) due to growing need for 
wider bandwidths and higher data rates [1-2]. 22, 28, and 
38 GHz are the candidate bands for 5G wireless 
communications [3]. Our work represents a primarily study 
on the design of 22 GHz Vivaldi antenna array for 5G 
channel sounding applications. The 5G phased array 
MIMO channel sounders are mainly based on an approach 
of switched beams. Using the phased arrays of antennas, 
the beams could be switched into different angles at both 
transmitter and the receiver [4]. 
Vivaldi antennas have received considerable amount of 
research effort owning to their attractive futures such as 
high gain, end-fire radiation mode, relatively wide band 
compared with typical antennas. The Vivaldi antennas 
could be used to form multiple smart-antenna systems for 
channel measurements [5-6].  
The configuration of the employed Vivaldi antenna 
element is composed of two copper layer flares at both 
sides of the antenna substrate which is fed by the coaxial-to-
SIW technique. The designed antenna is operating in the 
frequency range of 21-23 GHz and has high efficiency and 
sufficient gain values. The frequency response of the 
proposed design can be controlled by adjusting the feeding 
point of the Vivaldi antenna elements. Using the proposed 
Vivaldi elements, the fundamental radiation characteristics 
of 2×2, 4×4, 1×8, and 8×8 arrays are studied.  
II. PHASED ARRAY VIVALDI ANTENNA DESIGN 
Figure 1 illustrates the geometry of the proposed planar 
antenna. As illustrated, 64-elements of 22 GHz Vivaldi 
antennas with Coaxial-to-SIW Feeds have been used for the 
proposed compact design. The radiation elements of the 
planar array are design on 1.6 mm Arlon AD-320 substrates 
to work at 22 GHz.  
 
Fig. 1. Configuration of the proposed Vivaldi antenna phased array. 
III. SINGLE ELEMENT VIVALDI ANTENNA 
The configuration of the single element 22 GHz Vivaldi 
antenna is displayed in Fig. 2. As illustrated, it is composed 
of two copper layer flares at both sides of the antenna 
substrate which is fed by Coaxial-to-SIW technique. The 
antenna has a compact size with overall dimension of 
WS×LS. The parameter values of the single element and the 
proposed array are specified in Table I.  
Figure 3 illustrates the S11 characteristic of the design 
Vivaldi antenna.  As seen, the proposed Coaxial-to-SIW-fed 
Vivaldi antenna covers the frequency band of 21-23 GHz 
and has a reflection coefficient of -40 dB. The frequency 
response of the designed Vivaldi can be controlled by 
adjusting the feeding point. 
 
Fig. 2. (a) 3D-transparent, (b) top, and (c) bottom profiles of the antenna. 
TABLE. I FINAL DIMESIONS OF THE VIVALDI ANTENNA PARAMETERS 
Parameter WX LX WS hS W 
Value (mm) 56 50.6 7 1.6 2.2 
Parameter L d d1 d2 df 
Value (mm) 5.75 7 1.72 0.5 1.56 
Parameter Wa La=LS x y z 
Value (mm) 56 18.5 0.4 0.4 0.175 
 
 
Fig. 3. S11 characteristic of the designed Vivaldi antenna. 
The 3D and radiation pattern of the antenna at 22 GHz 
is illustrated in Fig. 4 (a). As seen, the antenna has a 
desirable end-fire radiation property with 4.46 dB realized 
gain (IEEE gain × missmatch). In order to demonstrate that 
the antenna actually radiates over the operation frequency 
band (21 to 23 GHz), its fundamental properties are 
illustrated in Fig. 4 (b). Based on the obtained results, the 
antenna has high radiation and total efficiencies with more 
than 4 dBi maximum gain. 
      
               (a)                                                                (b) 
Fig. 4. Simulated (a) antenna radiation pattern at 22 GHz, and (b) 
fundamental properties of the antenna over the operation band. 
IV. RADIATION PERFORAMNCE OF THE ARRAY DESIGN 
The proposed phased array antenna is designed using 
eight rows of 1×8 linear arrays. In this section, radiation 
and input-impedance characteristics of the linear Vivaldi 
antenna array has been investigated firstly. Configuration of 
the linear array with eight Vivaldi antenna elements is 
shown in Fig. 5.  
Figure 6 shows the S parameters (S11 to S81) of the 
array. As shown, the array has a good performance in the 
frequency range of 21 to 23 GHz. The highest mutual-
coupling characteristic (S21) between the Vivaldi antenna 
elements is less than -19 dB at the center frequency (22 
GHz).  
 
Fig. 5. Configuration of the Vivaldi antenna array with eight radiators. 
 
Fig. 6. S parameters of the array shown in Fig. 5.  
3D radiation beams of the linear Vivaldi antenna array 
with directivity values at 0, 30, 45 and 60 degrees are 
shown in Fig. 7 (a). The designed array has good beam 
steering characteristic with wide range beam-coverage 
property. Furthermore, the simulated realized gains 
(Cartesian) of the array at different scanning angles are 
represented in Fig. 7 (b). It can be seen that the array has 
sufficient gain levels at different scanning angles.  
     
                    (a)                                                           (b) 
Fig. 7. (a) 3D and (b) 2D radiation beams of the arrays at different 
angles. 
64 elements of the Vivaldi antennas have been used to 
design the final structure (Fig. 1). The 3D directional 
radiation beams of the proposed planar Vivaldi antenna 
with realized gain values at different angles are represented 
in Fig 8. It can be seen that the proposed antenna has good 
beam steering characteristic with high-level realized gains 
at the different scanning angles. 
 Fig. 8. 3D radiation patterns of the array at different scanning angles. 
V. INVESTIGATION ON THE PERFORMANCES OF THE 
2×2, 4×4, AND 8×8 PLANAR ARRAYS 
The radiation and input-impedance characteristics of 
the proposed 22 GHz planar Vivaldi antenna array with 
2×2, 4×4, and 8×8 numbers of the antenna elements have 
been investigated in this section. The antenna elements are 
arranged with the distance of d=7 mm. Reflection 
coefficient (S11) and mutual coupling (S21) characteristics 
of the planar arrays are illustrated in Fig. 9.  
Sufficient and almost similar performances of the 
frequency response have been achieved for the arrays. As 
seen in Fig. 9 (a), -27, -28, and -25 dB reflection 
coefficients are obtained for the 2×2, 4×4, and 8×8 planar 
arrays. In addition, as illustrated in Fig. 9 (b), the designed 
arrays have low mutual coupling between radiators (less 
than -17 dB). 
    
                              (a)                                                      (b) 
Fig. 9. Simulated (a) S11 and (b) S21 characteristics of the designed 
arrays. 
3D radiation beams of the arrays when their beams are 
tilted to 0° elevation are shown in Fig. 10. More than 10.5, 
16.5, and 23 dBi directivity values with good radiation 
behaviors and low back lobes have been achieved for the 
planar arrays. Table II summarizes the performances of the 
designed arrays in terms of different antenna parameters. 
As seen, the arrays exhibit good radiation and input-
impedance characteristics.  
 
Fig. 10. The beams at 0 degree for (a) 2×2, (b) 4×4, and (c) 8×8 arrays.  
TABLE. II FINAL DIMESIONS OF THE 5G ANTENNA PARAMETERS 
Array/Param. Gain Effic. BW R.C M.C 
1×1 4.46 dB -0.4 dB 2 GHz -40 dB -- 
2×2 10.2 dB -0.39 dB 1.9 GHz -25 dB -17 dB 
4×4 16.3 dB -0.47 dB 1.8 GHz -25 dB -17 dB 
8×8 22.2 dB -0.5 dB 1.8 GHz -25 dB -18 dB 
VI. CONCLUSION 
A compact planar phased array antenna for 5G channel 
sounding applications is proposed in this manuscript. 
Simulations including S parameter, efficiency, radiation 
pattern characteristics are investigated and good results 
have been obtained. The proposed planar array antenna is 
formed by using 64-elements of 22 GHz Vivaldi antennas. 
The antenna provides some attractive features such as high 
gain, high efficiency, small size and could be used in the 
future wireless systems. 
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